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ABSTRACT

Past studies on desert annual plants have shown that the annuals can contribute significantly to the primary productivity of the desert. The annual plants, because of their short life cycle and relatively small total
production, are also ideal for measuring the influence of environmental factors on productivity of whole
plants or stands of plants. The objectives of this study were to determine CO 1 exchange rates at different ages
of selected desert annuals under controlled environmental conditions and to compare these to carbon fixation
rates calculated from biomass accumulation. Carbon dioxide exchange rates on a dry-weight basis generally
decreased as the annual plants aged. This pattern occurred both for plants sampled under the same temperature constants as those in which they were grown as well as for plants sampled through temperature
gradients. The comparison of CO 1 exchange calculated on a 24-hr basis from biomass accumulation with
actual CO 1 exchange measurements presented on a 24-hr basis, shows growth or biomass accumulation to
far exceed actual gas exchange rates, although the patterns relative to age are basically the same. The discrepancy between CO 1 exchange rates and actual growth of the plants illustrates the potential problems of
applying laboratory or CO 1 exchange measurements in cuvettes to real growth conditions in the field.

METHODS

INTRODUCTION

In order to study the primary production of plants relative to environmental and other factors, annual plants may
be the best choice. They grow over a short time pe1iod
during which the environment can be easily controlled and/
or monitored. They are generally small enough to allow
measurements of plant processes for a whole plant or, in
many cases, for a stand of whole plants. They also can be
harvested in toto at any stage during the growing cycle to
determine biomass accumulation to that point.
Productivity of desert annual plants can contribute significantly to total desert primary production (Patten 1975),
but productivity, which is a function of so many variables
such as rainfall patterns and amount, temperature
fluctuations and microhabitat variations, can be extremely
varial;>le and often nonexistent (Patten 1975; Patten and
Smith 1973, 1974; Halvorson and Patten 1975). Because
annual plants may contribute significantly to desert
productivity and various methods of studying their
productivity rates have been attempted (such as harvesting
biomass and CO, exchange rates), they constitute an
excellent source of primary production for comparison of
the different methods. If carbon content of plants is known
(generally around 45 % ), it is possible to directly relate CO,
exchange rates with carbon uptake and thus biomass
accumulation (Larcher 1969).
Although one of the primary objectives of this study deals
with comparison of harvest and gas exchange methods, the
rates measured on Sonoran Desert and other annual plants
can be compared with other US/IBP annual plant studies in
the Chihuahuan and Great Basin Deserts, and with productivity measurements made at the various validation sites.

OBJECTIVES
1. To determine gas exchange and biomass accumulation
amounts and rates at different ages of various desert annual plant species grown under controlled conditions.
2. To show the correlation between CO, exchange rates and
biomass accumulation of the plants grown and analyzed
under controlled conditions.

PLANT

GROWTH

CONDITIONS

Annual plants were germinated and grown as stands in
boxes, 24 cm square by 24 cm deep, filled with 12 cm of
sand overlaid with 12 cm of desert topsoil collected from
under Cercidium trees near the Usery Mountains northeast
of Mesa, Arizona. Seeds were collected from plants at the
site, except for seeds of Dimorphotheca sp. (African daisy)
which were bought from a nursery. Plants were grown in a
controlled environmental growth chamber under a 12 hr,
26 C day/ 12 hr, 10 C night regime -- a "square-wave" cycle
approaching temperatures comparable to late winter-early
spring conditions when most growth of winter annuals
occurs. A record of temperature and humidity was kept
with a Belfort hygrothermograph. Humidity approximated
90 % at night and 50 % during the day. Light was measured
at 2500 f.c. from a combination of incandescent and
fluorescent lights. Plants were watered with distilled water
so that at no time was a water stress observed (DSCODE
A3UPB15).
MEASUREMENT

OF GAS EXCHANGE

A simple open, flow-through, differential infrared gas
analysis system was used with ambient atmosphere as a
reference (Beckman 215A). A 40-liter Plexiglas cuvette
housing a fan and cold water radiator connected to a circulating water bath was used. Four Westinghouse 300 watt
low-temp medium flood lamps filtered by a 4-cm layer of
water were used as a light source and measured
approximately 2500 f.c. at plant level. Flow rates were 2. 75
liter/min. Soil and air temperatures were measured with
standard copper-constantan thermocouples. Transpiration
was calculated by measuring the difference between
humidities of plant chamber air and ambient air with
lithium chloride sensors. Soil water potential was measured
during gas exchange procedures with a Wescor, Inc., HR33
dewpoint microvoltmeter. All measurements taken were
between Oand -1 bar. Soil water was also measured gravimetrically.
Gas exchange measurements were first made on the plants
at 10 C in the dark after removing them from the growth
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chambers during the dark cycle; these were considered to be
night respiration rates. Net photosynthesis was measured
after turning the light~ on and warming the sampling system
up to 26 C. For some annual plant species, gas exchange
rates were measured on temperature gradients between 10
and 30 C.
Following the gas exchange measurements the plants
were harvested, counted, separated into shoots and roots,
and dried and weighed. Calculations of CO, exchange rates
were based on conversion of ppm to mg/liter (Jacobs 1960)
with corrections for temperature and pressure.
Because the soil was not sealed during gas exchange
measurements, corrections based on measurements on
barren soil blocks were used for both CO, and water
exchange.

RESULTS
CO 2 EXCHANGE

AS A FUNCTION

OF ACE

Figures 1 and 2 show Bromus rubens and Dimorphotheca
CO 2 exchange rates as a function of age. Higher initial rates
show that younger plants are more active. Figures 3 and 4
give the growth curves for these same plants. Bromus rubens
was still in the vegetative state when sampling stopped,
while Dimorphotheca was budded for flowering. Both

plants show exponential growth early in their cycle, later
approaching a more arithmetic function. Important to note
is that high initial rates on very small plants·do not reflect a
correspondingly higher amount of absolute net production.
Total CO 2 exchange rates are obviously coupled with the
initial size of the individual plant.
CO,

EXCHANGE

AS A FUNCTION

OF TEMPERATURE

Figures 5 through 10 give net photosynthetic rates for
stands of various species of Sonoran Desert annuals grown
under the same 26/10 C day/night cycle as Bromus and
Dimorphotheca as a response to temperature. In all cases,
younger plants show higher rates, with most maximum rates
at temperatures lower than 26 C.

co. EXCHANGE

RELATED TO BIOMASS

ACCUMULATION

In order to compare CO, exchange rates with biomass
accumulation, net daily growth in mg was converted to net
daily CO, exchange (mg) using a factor of 0.556 (Larcher
1969). Figures 11 and 12 show the comparison between
actual net daily CO, exchange and calculated net daily CO 2
exchange. The actual exchange was based on 12 hr of net
photosynthesis (26 C) and 12 hr of dark respiration (10 C) in
the "square-wave" growth chamber cycle.
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Figure 1. Net photosynthesis (mg CO,g dry weight· 1 • hr· 1)
at 26 C (upper line) and respiration at 10 C (lower line)
relative to age (days) for Bromus rubens.
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Figure 2. Net photosynthesis for Dimorphotheca sp. at
26 C (upper line) and respiration at 10 C (lower line)
relative to age (days) for Dimorphotheca sp. (African daisy).
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Although there appear to be gross discrepancies, the patterns for actual and calculated CO, exchange are similar.
CO 1 exchange rates are highest when the plants are young
and decrease with age. For Bromus rubens (Fig. 11) the
calculated rates (i.e., rates based on biomass accumulation)
are much higher than actual for young plants. As the plants
mature, changes in rates show a similar pattern, with rates
projected from net daily growth higher than observed rates.
For Dimorphotheca (Fig. 12), calculated rates are in the
same range as observed rates, but follow the trend in reduction of rates through time on a gross level only.
DISCUSSION

Gas exchange rates on desert annuals vary considerably
through age even under controlled and constant conditions.
Older stands show lower rates. This may be attributed to
mutual shading and competition as well as to individual
plant development and senescence. Sample periods did not
include a complete sequence of phenological stages. Under
the given growth conditions of ample moisture and
favorable temperature and light regime, annuals would be
likely to grow and flower for extended periods of time. The
oldest-aged stands of all species studied (with the exception
of Bromus rubens) were either flowering or had buds. Such

nonlimiting growth conditions comp·are to optimal growth
conditions found in the desert. Data presented in this study
should be representative of such conditions.
The discrepancy in the CO 2 exchange rates projected
from growth and the actual observed rates illustrates the
biggest problem in any attempt to correlate these two types
of measurements. Gas exchange rates were measured in a
system other than that in which the plants were grown. In
addition, rates were recorded as a steady value measured
over the course of 1-2 hr and assumed to be representative of
a 12-hr period. In this case, one must conclude that
duplication of growth conditions was apparently not
achieved. The question then arises as to how applicable such
methods (i.e., measurements in cuvettes) are in relating
laboratory studies to field measurements.
Both micro- and macroenvironmental variation in the
field may limit the use of laboratory or controlled
environment data in describing the productivity of annuals
in a desert ecosystem. Periodic harvesting of net biomass
accumulation may be the best measure of net primary
production over time for desert annuals and possibly for
shrubs as well.
•

,;7
I
0

0

0

0

9,+.-oo--,~s-.o-o --,~,

.-00--,.-.-00-~s,-.o-o-~eo
AGE

.oo

9,+,-00---,~6 -.0-0--,-,

.-ooAGE

60 ,00

0
~

9

0

en
en

'

en
"'

a:o
,::o

Cl:o

CD

CD

,::o
"'.
-7

"'.7
(!)

<>o
...J~

'
0
0

0
0

"i
DI MORPHOTHECR •

BROMUS RUBENS

"i

· Figure 3. Growth (net biomass accumulation) of Bromus
rubens over time (age in days vs. log weight/plant in g).

"i
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Figures 5-10. Net photosynthesis rates (mg CO,g dry weight-1. hr·') of six Sonoran Desert annuals relative
to age over a temperature gradient. Age (days) is indicated at the end of each curve. Asterisk for Amsinckia
indicates dark respiration.
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Figure 11. A comparison of net 24-hr CO, uptake based
on light and dark CO, exchange rates (line) and conversion
from biomass accumulation (dots) for Bromus rubens grown
in a 12/12 hr, 26/10 C day/night environment.
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Figure 12. A comparison of net 24-hr CO2 uptake based
on light and dark CO, exchange rates (line) and conversion
from biomass accumulation (dots) for Dimorphotheca sp.
(African daisy) grown in a 12/12 hr, 26/10 C day/night
environment.
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